Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by synovial inflammation and joint destruction, which if left untreated can result in severe disability and premature mortality 1 . RA affects nearly 0.5-1 per cent of the general population worldwide 2 . The standardized prevalence of RA in India is reported to be 0.34 per cent [95% confidence interval (CI): 0.08 -0.79] 3 .
Recommendations for the treatment of RA include methotrexate (MTX) which is the anchor disease-modifying antirheumatic drug (DMARD). Other synthetic DMARDs are used if MTX is contraindicated or not tolerated. These are also prescribed in combination with MTX for optimal disease control in patients. Lowdose steroids are used initially as a bridge to effective DMARD therapy. The use of biologic DMARDs is indicated when the former treatment options are not sufficiently effective or as initiating therapy with or without MTX if poor prognostic indicators are present and the disease activity is high 4 .
Patients with RA have increased morbidity and mortality compared to general population, for which infections are a major cause 5, 6 . Infections have been reported as the second most common cause of death (23%) in RA from India
7
. The most common sites of infections in RA are joints, respiratory tract, skin and soft tissues 8 . Increased risk of infection in RA could be due to intrinsic immunological alterations, disease-related factors such as immobility and organ damage, use of immunosuppressive medications including corticosteroids, synthetic DMARDs and biological therapy and associated comorbid conditions such as diabetes.
Seasonal influenza is an acute viral infection and yearly epidemics of influenza can seriously affect vulnerable groups. The pandemic of H1N1 influenza virus was first reported from Mexico in April 2009 9 , which later spread to 214 countries across the world. India was also severely affected with thousands of deaths reported since 2009 10, 11 . Yearly vaccination with influenza vaccine is recommended in patients with autoimmune inflammatory rheumatic diseases. Its safety in these patients is reported to be comparable to healthy controls 4, 12, 13 . However, there is uncertainty about the immunogenicity of vaccines in view of treatment with various combinations of synthetic DMARDs and with biological therapy 14, 15 . A potential risk of disease flare following vaccination has also been reported 16 .
The aim of the present study was thus to evaluate the immunogenicity of influenza vaccine in drugnaïve and RA patients on stable DMARD therapy as compared to healthy controls.
Material & Methods
This was a prospective study conducted at the department of Clinical Immunology, Jawaharlal Institute of Postgraduate Medical Education and Research (JIPMER), Puducherry, a tertiary care institute in south India. Adult consecutive patients with RA who attended the outpatient department between February and May 2014 were included in the study. Patients with serious infection, malignancy, pregnancy, concurrent leflunomide therapy or prednisolone therapy ≥10 mg/day, those who received biological therapy within the past six months and a history of previous influenza vaccination were excluded from the study. Healthcare personnel of JIPMER without any known illness and who received the trivalent influenza vaccine between February and May 2014 were chosen as controls. A two-sided confidence level of 95 per cent with power of 80 per cent was considered for sample size calculation. Assuming the antibody geometric mean titres (GMT) to be 128, 237 and 340, respectively 17 , in DMARD, DMARD-naïve and healthy controls with a standard deviation (SD) of 185 and adding for a dropout of 10 per cent, the minimum sample size to detect any difference in GMT was 51 in each group.
Consecutive patients were enrolled till the desired sample size was reached. Fifty one patients fulfilling the 2010 American College of Rheumatology -European League Against Rheumatism (ACR EULAR) criteria for RA 1 on treatment with MTX ≥15 mg/wk for three months or more were enrolled as DMARD group. Fifty one newly diagnosed patients who were MTX naïve were selected as DMARD-naïve group. However, during the study period, only 45 healthcare personnel without any known illness and having received the trivalent influenza vaccine between February and May 2014 were available and all were selected as healthy controls. During the study period, the DMARD-naïve group continued to receive non-steroidal anti-inflammatory drugs and intra-articular or low-dose oral steroids (prednisolone 7.5 mg/day or less), as clinically indicated. Concurrent sulphasalazine, hydroxychloroquine and/or oral prednisolone ≤7.5 mg/day were continued in DMARD group.
Each group received a single intramuscular (deltoid region) dose of 0. 18 . Blood samples (5 ml) were collected from all groups just prior to and four weeks after vaccination, serum was separated and stored at -80°C. Pre-and post-vaccination antibody titres were determined by hemagglutination inhibition (HI) assay 19 using all the three antigens (Influenza reagent resource, USA) with two-fold serum dilutions. The reciprocal of the highest dilution that caused complete inhibition of hemagglutination was taken as antibody titre. Antibody titres ≥40 were considered seroprotective. Seroprotection rate was defined as percentage of patients with antibody titres ≥40 in a group. Positive immune response was defined as 4-folds or more rise in titre if pre-vaccination titre was ≥10, or post-vaccination titre ≥40 if pre-vaccination titre was <10. An antibody titre of <10 determined on HI assay, was assigned a value of 5 for the purpose of statistical analysis
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.
Pre-and post-vaccination seroprotection rates along with fold rise in titres in all groups for three virus strains were tabulated. Geometric mean titres (GMTs) and GMT fold rise in titres were calculated for all the three strains. Predictors of positive immune response including effect of DMARD therapy on the immune response were evaluated. Disease activity and functional status pre-and post-vaccination were assessed using the Disease Activity Score28 (DAS28) 21 and Indian Health assessment questionnaire 22 , respectively. Adverse events post-vaccination were recorded. Efficacy of the vaccine was assessed by calculating the percentage of patients who met the European Union Committee of Human Medicinal Products (CHMP) licensing criteria 23 . The study was approved by the Institutional Ethics committee. Informed written consent was obtained from all individuals before enrolment.
Statistical analysis: Continuous variables were summarized as mean (SD) and categorical variables were summarized as proportions. GMTs were calculated using log-transformed antibody levels. Chi-square test was used to test the difference in proportions of positive immune response between three groups. Fold rise in titres between individual groups were compared using ANOVA. Difference between pre-and post-vaccination GMT titres between the groups for each virus strain was compared using repeated measures ANOVA. Due to baseline difference in age and gender between the groups, a binary logistic regression model adjusting for age, gender and pre-vaccination antibody titres was used to analyze the possible predictors of immune response. Data were analyzed using SPSS software version 19.0 (IBM Corp. Armonk, New York, USA).
Results
Mean disease activity (DAS28 score) was significantly higher in the DMARD-naïve group compared to the DMARD group (P<0.001). Rheumatoid factor positivity was higher in DMARD group (74.51 vs. 56.86%, P<0.05) while anti-cyclic citrullinated peptide positivity was comparable between the two disease groups (Table I) .
Immunogenicity of trivalent influenza vaccine
Pre-and post-vaccination seroprotection rates in all study groups: Baseline seroprotection rates prior to vaccination were high in the three groups (Figure) .
Pre-and post-vaccination geometric mean titre (GMT):
The difference between pre-and post-vaccination GMT between the three groups for all the three virus strains was significant (Table II) . (Table III) .
Predictors of vaccine response:

Effect of vaccine on disease activity:
The mean disease activity was reduced in the DMARD group during post-vaccination period. However, the reduction in DAS28 score (ΔDAS28 -0.42) was not clinically significant. DAS28 reduction Values are given as mean±SD. GMT, geometric mean titre -log-transformed antibody levels; DMARD, disease-modifying antirheumatic drug; SD, standard deviation in DMARD-naïve group, however, was clinically significant (ΔDAS28 -1.41). Disease activity worsened post-vaccination in five (9.80%) patients and remained the same in two (3.92%) patients in DMARD group, while it increased in three patients (5.88%) in DMARD-naïve group.
Adverse effects:
No major serious adverse events were recorded after vaccination. Local injection site reactions were seen in four (7.8%) patients in DMARD group, four (7.84%) in DMARD-naïve group and two (4.44%) in healthy controls. One patient in DMARD group developed fever following vaccination that lasted for one day and resolved spontaneously. Five (9.80%) patients in DMARD group, four (7.8%) in DMARD-naïve group and five (11.1%) healthy controls had mild flu-like symptoms following vaccination. None of the patients in any group had severe adverse effects requiring hospitalization.
Discussion
In this single-centre study, the immunogenicity of trivalent influenza vaccination was evaluated in drug-naïve RA patients and those on stable MTX therapy and compared it with healthy controls. The pre-vaccination antibody titres were found to be high in all the three groups. This indicated that subclinical influenza infections were common in this population and the prevalent antibody titres might be protective in a proportion of those exposed. High antibody titres had a significant association with positive immune response. In such individuals, the vaccine given may be acting as a booster dose. Trivalent influenza vaccination was safe and generated a good antibody response in all groups. There was no impact of the age, gender or MTX therapy on the response to vaccination, except for Yamagata strain where healthy controls had a higher positive immune response. There was no effect of vaccination on disease activity. MTX administration has been reported to be associated with impaired immune response in studies on H1N1 vaccination 17, 24, 25 . Gabay et al 17 found antibody titres being nearly 50 per cent lower in MTX-treated patients. Our study showed high pre-vaccination seroprotective titres for all three strains in all three study groups. This may be a compounding factor while trying to assess the effect of drug on vaccine response. In addition, an augmented immune response in individuals with pre-vaccination seroprotective titres as shown in our study might be a reason why MTX had no impact on immune response to vaccination.
The only study in which MTX group had the best serological response to trivalent influenza vaccine was by Kapetanovic et al 26 . This was, however, in comparison to TNF (tumour necrosis factor) blockers with and without MTX. Patients also received simultaneous pneumococcal vaccine, and the effect of simultaneous In the present study, no impact of age was observed on vaccine response on regression analysis. Kapetanovic et al 27 showed that vaccine response did not differ in patients above and below 60 yr of age which was in accordance with our study. Patients aged above 60 yr, however, constituted only 6.8 per cent of our study groups. None of our healthy controls were above 60 yr. Ribeiro et al 24 observed that higher age, RA and MTX therapy were associated with impaired seroconversion. Gabay et al 17 showed that every additional 10 yr of age results in 31 per cent decline in antibody titres. High pre-vaccination antibody titres may be one of the factors for decreased sensitivity in our study to detect the effect of age on vaccine response.
Pre-vaccination seroprotection (≥40) was very high in our study population reflecting previous clinical or subclinical exposure as none of them were previously vaccinated. Pre-existing immunity to influenza virus and cross-reactivity levels however, vary in age groups and in populations 28 . The high pre-vaccination antibody titres in our study were similar to the study by You et al 29 .
Indian data regarding seroepidemiology of influenza virus infection showed a seropositivity of 26.4 and 55.3 per cent, respectively, for seasonal H1N1 and H3N2 in general population 30 . Past infection rather than vaccination results in cross-reactivity 31 . Seroprotection rates of 33 per cent (17-41%) in a population is considered as herd immunity threshold (HIT) 32 . Using this cut-off, the need for yearly influenza vaccine in populations with high pre-vaccination seroprotection rates like ours needs to be reconsidered.
Patients with pre-vaccination seroprotection showed higher odds of positive immune response for all the three virus strains in our study. This was probably due to a secondary immune response in these patients which was stronger than the primary immune response. Kapetanovic et al 25 showed that the pre-vaccination antibody titres were inversely associated with post-vaccination immune response. The same group 26 in an earlier study had also noted that RA patients with protective levels before vaccination responded less well to vaccination as a group.
Vaccination was safe and had no significant impact on disease course in our study. Disease activity (DAS28) was not affected with vaccination. This was consistent with other studies 17, 24 . However, Kapetanovic et al 25 reported mild worsening of joint symptoms in 8.2 per cent of patients consisting of arthralgias, increased morning stiffness and fatigue. The safety profile of the trivalent vaccine was good with no serious adverse events. Most studies have shown similar results 17, 24, 25 .
The limitation of our study was that we could not study the effect of combination DMARDs and biological therapy, especially TNF inhibitors and B-cell depleting therapy. The results of this study cannot be generalized to the entire population as baseline seropositivity may vary in different geographical regions. Finally, immune response is only a surrogate marker and may not completely translate into protection against the disease.
In conclusion, our study showed that influenza vaccination was safe in RA patients. There was no adverse effect of vaccination on disease activity. MTX therapy at dose ≥15 mg/wk did not affect the vaccine response. One important finding of our study is high pre-vaccination seroprotective antibody levels which suggests to re-examine the recommendation for annual influenza vaccination in our country.
